Background and Aim: Depression affects one in four individuals with type 2 diabetes mellitus (T2DM). The impact of T2DM lifestyle interventions on depression is unclear. The aim of this analysis was to examine the influence of lifestyle interventions on depressive symptoms scores in individuals at-risk of or with T2DM. Method and Results: Major bibliographic databases were searched for studies published in English from 1990 to 2015. Meta-analysis was conducted by random-effects model. Nineteen studies were included in the meta-analyses. A significant reduction in depression scores was shown for lifestyle interventions in the pooled analysis (Standardized Mean Difference (SMD): À0.165; 95%CI: À0.265, À0.064; I 2 :67.9%) and when limited to individuals with T2DM (SMD: À0.202; 95%CI: À0.288, À0.079; I 2 :72.5%). In subgroup analyses the most effective intervention methods were face-to-face individual consultations (SMD: À0.241; 95%CI: À0.403, À0.078, I 2 : 50.8%) with a duration of 6 months (SMD: À0.203; 95%CI: À0.381, À0.026, I 2 :59.9%). Interventions were most effective when delivered four times a month (SMD: À0.247; 95%CI: À0.441, À0.053, I 2 :76.3%). Conclusions: Lifestyle interventions were effective in improving depression among people with T2DM. jo urnal homep age: www.el sevie r.co m/locate/nm cd 2 A. Cezaretto et al. Please cite this article in press as: Cezaretto A, et al., Impact of lifestyle interventions on depressive symptoms in individuals at-risk of, or with, type 2 diabetes mellitus: A systematic review and meta-analysis of randomized controlled trials, Nutrition, Metabolism & Cardiovascular Diseases (2016), http://dx.
Introduction
Depression is a global health concern which affects approximately 350 million people and by 2030 will be the leading cause of disease burden worldwide [1] . According to the World Mental Health Survey, one in 20 people reported having an episode of depression in their lifetime [2, 3] . Depression is a major contributor to Disability Adjusted Life Years (DALYs) in developed countries [4, 5] . Depressive individuals experience reduced quality of life and productivity, highlighting the importance of depression management [6, 7] . Although depression is the most prevalent mental disorder in primary health care [5] , it has not been appropriately recognized and treated [3, 8, 9] , which leads to high costs for the public health care system and individuals [10] . Unhealthy lifestyles, including inadequate diet and/or physical inactivity, are common among individuals with depression and favor the development of chronic diseases, such as type 2 diabetes mellitus (T2DM) [11e13] . A meta-analysis reported a 1.8-fold higher mortality rate among people with depression [14] .
Globally, 347 million people suffer from diabetes, of whom 90% have T2DM [15] . By 2025, the T2DM prevalence in adults is expected to increase by 122%, and in developing countries, it is projected to increase by 170% [15] . Its influence on health care systems includes lost days of work, premature mortality [16] , physical disability [17] , and excessive hospital admissions mainly due to cardiovascular complications [18] . To decrease the adverse impact on health care systems, there has been substantial investment in T2DM prevention [11e13,19] . However, implementing interventions to improve lifestyle [12, 13] , and to promote long-term maintenance of healthy behaviors, remains a challenge for health professionals.
There is a bidirectional association between depression and T2DM [20] . Depressed individuals may have up to a 60% higher risk of developing T2DM [21, 22] . Concurrently, 25% of individuals with T2DM have depression during their lifetime [23] . Both conditions negatively influence quality of life [24] , treatment adherence [25] , and survival rates [26] . This association may also affect self-care and health care costs [27] . Previous studies suggest that management of depression may help to improve outcomes of diabetes treatment [28, 29] . Moreover, integrating screening and management of depression with diabetes treatment has been recommended in international diabetes guidelines [30] . This approach allows patients with these chronic diseases to receive person-centered care and information on both conditions [31] .
There is a consensus on the deleterious impact of depression associated with T2DM. A meta-analysis evaluating the impact of exercise on depression showed an increase in physical activity improved response to treatment for depression [32] . A recent systematic review assessing the effect of exercise on psychological aspects, particularly in people with diabetes, found only one in four studies that showed improved depression symptoms after the intervention when compared with the control group [33] . However, the importance of lifestyle interventions, considering also dietary changes, used to improve depression in adults at-risk of or with T2DM is unclear. This review comprehensively examines the effect of lifestyle interventions on depression management in individuals at-risk of or with T2DM by investigating: 1) the effect of lifestyle interventions on depression outcomes; 2) the effect of lifestyle interventions on dietary habits; 3) the degree of heterogeneity among the studies; 4) the potential sources of heterogeneity using subgroup analyses by methods, duration, and frequency of interventions.
Method
This systematic review followed the methods proposed by the Cochrane Collaboration [34] and was in accordance with the PRISMA Statement for Reporting Meta-analyses of Studies that Evaluate Health Care Interventions [35] . Risk of bias was assessed by the Cochrane Risk of Bias Tool (Appendix 1) [34] . We included intervention studies that: (i) examined adults (!18 years old) at-risk of, or with T2DM; (ii) used biochemical tests to diagnose glucose tolerance disturbance; (iii) utilized standardized and validated assessment tools for depression with preestablished cut-off scores; and (iv) were published in English. Literature was excluded if it: (i) did not report depression based on standard and validated instruments with pre-established cut-offs from the literature to identify depression; (ii) focused only on treating depression; or (iii) contained duplicated data from another study. The duplicates were determined by thoroughly examining the study information about the study location and year, and the number, age, and sex of the participants. In general, studies focused on lifestyle (diet and/or physical activity) interventions directed at adults (!18 years) at-risk of or with T2DM. All study participants received a minimum of four weeks intervention, a depression assessment at baseline, and a postintervention. Participants "at-risk" were defined by the presence of impaired glucose tolerance or impaired fasting glucose [11] . T2DM was diagnosed by biochemical tests (75-g oral glucose tolerance test, fasting plasma glucose or glycated hemoglobin) according to the American Diabetes Association criteria [36] .
Search strategy
We searched bibliographic databases PubMed/Medline, EMBASE, CINAHL, COCHRANE, PsycINFO, and Scopus, and identified studies on dietary/lifestyle interventions for individuals at-risk of or with T2DM published in the English language from January 1990 to March 2015. We used the following medical subject heading (MeSH) terms and/or pertinent text words for the search: "depression", "major depression", "depressive symptoms", "depressive disorder", "diabetes," "lifestyle intervention," "diet," and "dietary intervention." Two reviewers (AC, FK) independently assessed study titles and abstracts. In addition, the reference lists of all relevant reviews and selected papers were screened for additional studies. When deemed necessary, the first authors of selected publications were contacted for additional information [37e39]. We conducted a secondary search for relevant non-English publications to avoid excluding them. We identified 12 potentially relevant non-English studies; based on our review of the abstracts they were deemed irrelevant.
Data extraction
The following information was extracted from the selected studies: i) study information (author's name, year of data collection, and study location), ii) participants (sample size, baseline age, diagnosis of T2DM or pre-T2DM, impaired fasting glycemia and/or impaired glucose tolerance, methods of depression assessment, and use of antidepressants), and iii) intervention details (type, frequency and duration of intervention, method of supervision, and duration of follow-up). The number of participants with measures of depression was recorded. Extracted data were inspected for concordance by two authors (AC, FK). If a study used more than one intervention in addition to a control group, the most complete intervention with the greatest combination of the strategies was used for meta-analysis.
Statistical analysis
For each study, the standardized effect size was calculated by dividing the mean difference in depression scores between the control and intervention groups by its standard deviation (SD) [40] . When the SD of changes in scores was not reported, we applied the imputation method based on reported mean and SD at follow-up. A correlation was assumed for a correlation coefficient of r Z 0.5. The Standardized Mean Table 1 General characteristics of the studies excluded a from the meta-analyses on the effectiveness of lifestyle intervention for diabetes prevention among people with depressive symptoms. Difference (SMD) calculation was used to combine the results from the different tools used to measure depression. We chose a fixedor random-effects model to estimate the combined effects based on the results of the heterogeneity test (Cochrane-Q). Stratified analyses were conducted according to key features of study design including methods of the lifestyle intervention (group or individual face-to-face sessions, telephone, and internet), duration ( 6 months, 7e12 months, and >12 months), frequency of intervention (4Â/month, 1Â/month, and <1Â/month), age ( 60 years, >60 years), and sex, as well as T2DM status (at-risk of and with T2DM). We estimated I 2 as the indicator of heterogeneity using the restricted likelihood method. The significance levels of P < 0.10 and I 2 >50% were considered as heterogeneity. For subgroup analysis, we tested for interaction using a chi-square significance test [41] . For subgroups with more than two variables and seven observations, we performed meta-regression. A sensitivity analysis was performed to assess the contribution of each study to the overall effect. We evaluated publication bias by qualitatively assessing a funnel plot of the impact of lifestyle interventions on depression in participants at-risk of or with T2DM and by using Begg's rank correlation test and Egger's regression method [42] . The statistical analyses were performed using Stata version 11.
Author, Country

Results
The search identified 609 potentially relevant articles ( Fig. 1 ). After assessing titles and abstracts, 504 publications were considered irrelevant. Following full review of the remaining 105 articles, 16 duplicates, 26 studies with incomplete depression data and 33 non-interventional studies were excluded. We identified 30 eligible studies that evaluated the effect of lifestyle interventions on depression in individuals at-risk of or with T2DM. Of these, 11 studies (Table 1 ) did not present sufficient information for meta-analysis, leaving 19 studies for the final analyses. These randomized trials evaluated the impact of lifestyle interventions on depression in participants at-risk of [43e46] or with [38,47e60] T2DM ( Table 2) .
The meta-analyses included 9107 individuals (4687 receiving an intervention and 4420 control) aged between 18 and 84 years at baseline. One study included only women [48] . The studies were conducted in North American [44,47e50,52e58,60] , European [43, 51] , Asian [38, 59] , Australian [45] , and Brazilian [46] populations. Ten studies showed that lifestyle interventions improved depression scores [47,49e54,56,57,59] . Antidepressant use was assessed in four studies [43, 46, 49, 50] .
Seventeen interventional studies focused on both diet and physical activity, one study implemented only dietary interventions [53] , and one did not report intervention features [38] . Ten studies showed that lifestyle interventions had a positive impact reporting changes on dietary habits, such as saturated fat [48, 53, 54] , fiber and energy intake [43, 46, 53, 54] , improvements in healthy eating [44, 45, 56, 57, 59] , and/or higher fruit and vegetable consumption [47] . One study demonstrated a correlation between reduced energy intake and reduced depression scores [43] . In all of the studies, trained healthcare professionals applied behavioral strategies to help participants achieve their desired lifestyle changes. Three studies reported the presence of a psychiatrist or psychologist during the interventions [46, 50, 57] . In other studies, interventions were supervised by trained nurses, physicians and/or nutritionists ( Table 2) . Eight studies structured the interventions as group sessions [45, 46, 48, 49, 53, 54, 56, 60] and four performed individual consultations [46, 49, 53, 54] . Seven studies relied on individual, face-to-face consultations [43, 44, 47, 50, 51, 58, 59] , four used telephone or internet orientations [44, 52, 55, 57] , and one did not describe the lifestyle intervention [38] .
The duration of the interventions ranged from two to 36 months (median: six months). One study examined three components of the intervention (coaches, primary care providers, and personal decision-making process) [52] ; only the results of including all three components in the intervention was considered in this meta-analyses. The sessions were commonly most frequent during the first six months of the intervention (mean Z 2.08, SD Z 1.41 sessions/month). Computer or mobile phone software was utilized by health coaches for diabetes management in four studies [47, 52, 55, 57] . Among the included studies, six studies analyzed the interventions at various time points [44, 48, 50, 54, 58, 60] . From these, one study showed that benefits in the short term were lost after the completion of the intervention [54] . Contrarily, one study found that the benefit of the intervention was maintained over 24 months [50] .
The overall pooled analysis of 19 studies [38,43e59] showed a significant small effect of lifestyle interventions on improved depression scores (SMD: À0.165; 95%CI: À0.265, À0.064; I 2 :67.9%). Stratified analysis revealed a robust effect on depression in individuals with T2DM (SMD: À0.202; 95%CI: À0.317, À0.087; I 2 :72.5%). However, no effect was found in individuals at-risk of T2DM (SMD: 0.004; 95%CI: À0.163, 0.171; I 2 :0.0%) ( Table 3 ; Fig. 2a ).
The stratified analyses by method of intervention showed that both individual (SMD: À0.241; 95%CI: À0.403, À0.078; I 2 : 50.8%) and group (SMD: À0.209; 95%CI: À0.378, À0.039; I 2 :68.7%) sessions had a significant beneficial effect on depression. However, depression scores were unaffected by internet and telephone interventions (SMD: 0.061; 95% CI: À0.177, 0.299; I 2 :26.0%) ( Table 3 ; Fig. 2b ).
In stratified analyses by intervention duration, the 6months category had the strongest effect (SMD: À0.203; 95%CI: À0.381, À0.026; I 2 :59.9%) compared to the 7-12months or >12-months categories ( Table 3 ; Fig. 2c ). Analyses by frequency of the interventions showed a significant beneficial effect on depression in association with sessions provided four times a month (SMD: À0.247; 95%CI: À0.441, À0.053; I 2 :76.3%) and once a month (SMD: À0.201; 95%CI: À0.345, À0.057; I 2 :34.1%). Depression was not affected by a less frequent intervention (Table 3 ; Fig. 2d ).
In the meta-regression model, the effects of lifestyle intervention methods (SMD: 0.09; 95%CI: À0.09, 0.27; I 2 :62.3%), duration of intervention (SMD: 0.028; CI: À0.12, 0.17; I 2 : 68.6%), and frequency of intervention (SMD: À0.11; 95%CI À0.29, 0.07; I 2 : 64.0%) were investigated on the mean difference in depression scores. In subgroup analyses, we did not find any differences by T2DM status (at-risk of and with T2DM; p for interaction Z 0.342), age (p for interaction Z 0.881), and sex (p for interaction Z 0.682).
Meta-analysis of four studies [43, 46, 53, 54] assessed the effect of interventions on energy and fiber intake. A statistically significant reduction in energy intake was found (SMD: À1.191; 95%CI: À2.243, À0.139; P for heterogeneity <0.001; I2:93.9%). Interventions had no effect on fiber intake (data not shown).
Five studies did not control for bias [43, 44, 51, 53, 58] . Some studies did not report about blinding and randomization (Appendix 1). Details about loss to follow-up were unclear in three studies [43, 44, 53] and absent in two studies [51, 58] . In sensitivity analysis, excluding the women-only study [48] and studies reporting antidepressant medication use [43, 46, 49, 50] did not change the overall pooled effect. Similarly, exclusion of the study considering only depressed individuals with diabetes did not alter both the overall pooled effect of lifestyle interventions and the effect of depression in the analyses of the with-T2DM subset. Publication bias was not apparent in the analyzed studies, as the funnel plot of the impact of lifestyle interventions on depression was close to symmetrical. Egger's regression method (P for bias Z 0.974) and Begg's rank correlation test (P for bias Z 0.184) also did not confirm the hypothesis of publication bias (Appendix 2).
Discussion
Promoting healthy diets and physical activity have been considered key strategies for diabetes prevention [61e63]. However, lifestyle modification is more challenging among patients with diabetes who have psychiatric comorbidities, such as depression [64, 65] . Interdisciplinary interventions focused on behavioral change are being utilized effectively to control depression symptoms, improve quality of life, and enhance self-care by maintaining a healthy lifestyle [66, 67] . This systematic review assessed the impact of dietary and lifestyle interventions on depression scores in individuals at risk of or diagnosed with T2DM. In general, interventions resulted in decreased depression scores regardless of the intensity and duration of intervention. In the meta-analysis, the interventions using individualized person-centered or group-session approaches were associated with significant depression score improvements. Results were null for telephone interventions. Presence of psychosocial-trained health professionals during face-to-face interventions might be facilitating the remission of depressive symptoms.
The diverse nature of various interventions paired with the wide range of study durations should prompt caution in the interpretation of pooled data. To partially address this issue, the meta-analyses included different subsets to analyze intervention methods. For interventions that used face-to-face methods a significant reduction in depression was found. Among short, intermediate, and longer-term intervention durations, it was evident, upon meta-analysis, that all durations were useful in reducing depression scores. Furthermore, when the frequency of interventions was considered, substantial depression score improvement was found within the weekly frequency subset. These findings further validate previous studies [28, 68] that demonstrate providing increased attention to individuals with chronic diseases could result in a greater sense of care and in turn improvements in depression outcomes.
Improving physical activity may reduce symptoms of depression [32, 69, 70] but the impact of changes in dietary habits on depression outcomes is unclear. In this study, it was not possible to analyze the effect of diet on depression because studies investigated different dietary parameters. Some studies, however, did demonstrate decreased depression scores in participants with improved dietary habits [47, 53, 56, 57, 59] . Previous studies have shown that dietary intakes of certain nutrients [71, 72] may contribute to improved mental health. These findings indicate that adopting a healthy diet could result in reduced symptoms of depression. Just as obesity is widely acknowledged as a major risk factor in the development of diabetes, researchers have found an association between obesity and depression [73] . Despite some controversial reports [74] , foods rich in simple carbohydrates have been associated with developing a negative mood [75] . Furthermore, adopting a healthy and conscious diet may lead to physical fitness, which in turn may result in an enhanced sense of well-being, consequently decreasing depressive symptoms. However, interventions considering younger individuals were shown to be more effective at reducing depression symptoms than interventions focusing on elderly populations. The studies included in this review did not consider the potential for co-morbidities in older individuals, which could prevent lifestyle interventions from resulting in improved depression symptoms. The relationship between depression and diabetes is complex. In addition to the association between unhealthy life habits and depression and diabetes, there is extensive literature speculating on a link between depression, diabetes, and subclinical inflammation [76] . Changes in the hypothalamic-pituitary-adrenal axis, present in depression, could impair glucose metabolism, ultimately contributing to the generation or deterioration of the proinflammatory state and in turn raise cardiovascular risk [77] . Several studies support the association between depression and activation of the immune-inflammatory system [78] . A recent meta-analysis revealed that inflammatory markers have a small but significant association with the subsequent development of depression [76] . Furthermore, specific nutrients, such as omega-3 fatty acids [72] and methylfolate [79] , may be linked to the reduction of depression and the attenuation of inflammation. This suggests a physiological link between diet and both depression and T2DM.
The ever-increasing burden of chronic diseases such as depression and T2DM continue to be a challenge to global health. The increased frequency of T2DM paired with a considerable impact on psychosocial factors, health care, and costs have made depression and T2DM priorities for policy makers around the world [80] . Individuals with both conditions may have a reduced life expectancy by 5e6 years, mainly due to cardiovascular complications [81] . A recent meta-analysis found that individuals with diabetes who are depressed have a 1.5-fold increased risk of mortality compared to those who are not depressed [26] . Even those individuals with diabetes who have subclinical depression (not a clinically diagnosed condition like Major Depression Disorder) exhibit an increased risk of mortality [14] . In this review, we found that lifestyle interventions to manage T2DM were also effective in decreasing depression scores. Overall healthy lifestyles can contribute to improvements in depression, and vice-versa [82] .
The current study has some limitations. First, the assessment of depression was of secondary interest to most studies. Second, it is possible that the Hawthorne effect played a role in measuring depression scores and overestimating the true impact of lifestyle interventions on reducing depression in many studies. Moreover, most studies did not assess antidepressant use, which could have had an influence on the results; some antidepressant classes such as the tricyclic may trigger cardiovascular complications and interfere with the effectiveness of lifestyle interventions. Therefore, some studies failed to provide necessary information, such as details on the randomization process, assessment of bias, and intervention designs, and may raise concerns about the quality of studies included in this review. Also, due to differing methods of analysis or types of variables presented among studies, a meta-analysis could only be conducted on 18 of the 29 studies; nevertheless, the number of studies is considered satisfactory and added new results to literature. One study was excluded from the meta-analysis as it focused on only one nutrient rather than the total diet, and this may misrepresent our results [83] ; this report suggested that low protein intake was associated with increased depression.
Despite considering methodologically robust trials for this meta-analysis, our results show a small effect in favor of lifestyle interventions in depression among individuals with T2DM. It is important to note that there was significant heterogeneity across different study types; this could be due to the fact that the majority of studies considered weight loss as a main outcome and changes in depression scores as a secondary result of the interventions. The confounding effect of obesity and weight loss on depression might have influenced the results of our study. However, studies included in this review utilized various depression assessment tools; most of them have a high sensitivity. Those tools can examine different aspects of depression beyond somatic symptoms and are widely used to assess emotional and social depressive symptoms in individuals with chronic diseases such as T2DM. Investigating the impact of various types of intervention (e.g. diet and physical activity) on depression was beyond the scope of our review. Future studies should evaluate whether different lifestyle intervention strategies have different impacts on depression among individuals at risk for, or with, T2DM.
Conclusion
Overall, the meta-analyses suggested that lifestyle interventions intended to manage T2DM, delivered face-toface and with a high degree of frequency, are effective in improving depression.
Negative consequences of depression in individuals at risk of or with T2DM are known to include poor dietary intake, low physical activity levels, increased mortality, and health care costs. Consequently, it is essential that these vulnerable groups be screened regularly for depression. Once diagnosed, these individuals may benefit from treatment and management involving healthy lifestyles by an interdisciplinary team. Future studies need to investigate if different strategies used in lifestyle interventions for individuals at risk of or with T2DM can help improve or prevent depression.
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